Sixty-four patients undergoing elective major surgery were randomly assigned into a double-blinded, placebo-controlled, clinical trial to test the hypothesis that premeditation with clonidine would attenuate postoperative reductions in circulating lymphocytes. The treatment group (n = 28) received a clonidine skin patch (0.3 mg/d) and a 0.6-mg oral loading dose 60-90 min before surgery. The control group (n = 36) received placebo patches and pills. Absolute blood levels of the following lymphocyte subsets were measured before induction of a standardized general anesthetic (baseline) and the morning after surgery: CD2, CD3, CD4, CDS, CD20, CD56, and the CD4:CDS ratio. Significant decreases in lymphocyte subsets CD2, CD3, and CD4 were found in both groups; CD56 was significantly decreased only in the placebo group. However, the extent of lymphocyte depletion from baseline to Postoperative Day 1 between the clonidine and placebo groups was not different. Plasma concentrations of epinephrine, norepinephrine, and cortisol were measured from blood samples drawn at 8:00 AM on Postoperative Day 1. Plasma norepinephrine levels were significantly lower among patients who received clonidine. However, no significant differences were found in plasma epinephrine or cortisol levels between the clonidine and placebo groups. With a clinical dose, clonidine did not prevent postoperative lymphocyte depletion. cr,-Agonists may not suppress adrenocortical stress responses sufficiently to prevent postoperative immune suppression. Implications: Lymphocyte (white blood cell) counts often decrease after major surgery. We hypothesized that clonidine would reduce hormonal stress and blunt reductions in lymphocytes after major surgery. In a randomized trial, we found no differences from placebo in cortisol levels or lymphocyte changes. Lymphocyte levels did not predict infectious complications.
Sixty-four patients undergoing elective major surgery were randomly assigned into a double-blinded, placebo-controlled, clinical trial to test the hypothesis that premeditation with clonidine would attenuate postoperative reductions in circulating lymphocytes. The treatment group (n = 28) received a clonidine skin patch (0.3 mg/d) and a 0.6-mg oral loading dose 60-90 min before surgery. The control group (n = 36) received placebo patches and pills. Absolute blood levels of the following lymphocyte subsets were measured before induction of a standardized general anesthetic (baseline) and the morning after surgery: CD2, CD3, CD4, CDS, CD20, CD56, and the CD4:CDS ratio. Significant decreases in lymphocyte subsets CD2, CD3, and CD4 were found in both groups; CD56 was significantly decreased only in the placebo group. However, the extent of lymphocyte depletion from baseline to Postoperative Day 1 between the clonidine and placebo groups was not different. Plasma concentrations of epinephrine, norepinephrine, and cortisol were measured from blood samples drawn at 8:00 AM on Postoperative Day 1. Plasma norepinephrine levels were significantly lower among patients who received clonidine. However, no significant differences were found in plasma epinephrine or cortisol levels between the clonidine and placebo groups. With a clinical dose, clonidine did not prevent postoperative lymphocyte depletion. cr,-Agonists may not suppress adrenocortical stress responses sufficiently to prevent postoperative immune suppression. Implications: Lymphocyte (white blood cell) counts often decrease after major surgery. We hypothesized that clonidine would reduce hormonal stress and blunt reductions in lymphocytes after major surgery. In a randomized trial, we found no differences from placebo in cortisol levels or lymphocyte changes. Lymphocyte levels did not predict infectious complications.
( Anesth Analg 1998; 87:1426-30) I mmunosuppression may complicate the recovery of patients after major surgery, when infectious complications are common and their progression may be fatal. Immune suppression also may be associated with tumor metastasis after cancer surgery (1). Postoperative perturbations of the immune system may be caused by a generalized endocrine stress response (2), transfusion (3), hypothermia (4,5), or endotoxemia (6). Lymphopenia is also common in patients admitted to intensive care units (ICUs) (7).
Surgery performed under general anesthesia is associated with a marked decrease in the numbers of both B-and T-lymphocyte subpopulations (8). Decrements in circulating lymphocyte populations and function, as well as the normally increased endocrine stress vented with epidural anesthetic techniques (9). Maze and Tranquilli (10) focused on the use of a,-agonists as anesthetic adjuvants. These compounds produce sedation and analgesia and reduce the postoperative adrenergic response to surgery performed under general anesthesia (11). However, the effects of a,-agonist-mediated sympatholysis on the immune status of surgical patients is unknown. We therefore designed this trial to test the hypothesis that premedication with clinical doses of the a,-agonist clonidine would attenuate postoperative lymphopenia.
Methods
After obtaining institutional review board approval and individual written, informed consent, 64 patients aged 69 + 9.4 yr (mean + SD) undergoing major noncardiac surgery were randomly allocated in a double-blinded trial to receive a placebo (n = 36) or clonidine (n = 28) before surgery. Operations performed included 45 vascular, 5 orthopedic, and 14 other ( Patients in the treatment group received a clonidine skin patch (0.3 mg/d) and a clonidine 0.6-mg oral loading dose 60-90 min before surgery. The control group received placebo patches and pills. The clonidine skin patch was removed 72 h after application, unless hypotension (systolic blood pressure ~90 mm Hg unresponsive to fluid challenge) or a major complication (myocardial infarction, cardiac arrest) ensued; in such cases, the patch, whether active or placebo, was immediately removed.
Patients received morphine premeditation (0.1 mg/kg IM) and any chronic cardiac and antihypertensive medications 60 min before surgery. Midazolam l-2 mg IV was administered to facilitate arterial line placement. Balanced general anesthesia was induced with sufentanil(0.5 pg/kg), thiamylal(50-mg increments to a maximum of 5.0 mg/kg), and vecuronium (0.1 mg/kg). After endotracheal intubation, anesthesia was maintained with enflurane (~2.0% inspired) in 50% N,O. All patients received postoperative care in an KU setting until at least 800 AM on Postoperative Day 1. Patients were assessed daily while in the hospital for infections or other complications.
To determine lymphocyte levels, titrated blood samples were collected from an indwelling arterial line 10 min before the induction of anesthesia (baseline) and between 7:00 AM and 9:00 AM on Postoperative Day 1. Absolute levels of the following lymphocyte subsets were measured using fluorescenceactivated flow cytometry (12) To determine plasma catecholamine levels, three separate heparinized blood samples were collected from an indwelling arterial line at 30-min intervals between 7:00 AM and 9:00 AM on Postoperative Day 1. Plasma norepinephrine and epinephrine levels were measured using high-performance liquid chromatography by solid-state extraction (13). The detection limit was 20 pg/mL for norepinephrine and 25 pg/mL for epinephrine. The average value of the measured norepinephrine and epinephrine concentrations from three blood samples was used for final statistical analysis. Plasma cortisol levels were determined by a radioimmunoassay technique from the final blood sample (14) Blood samples were obtained at a relatively constant time of day, although surgery may disrupt normal circadian hormonal rhythms (15) All continuous data were analyzed using the Wilcoxon rank-sum test of medians. Categorical data were analyzed using Fisher's exact test or the 2 test of independence. P < 0.05 was considered significant.
Results
There were no significant differences in the medians of lymphocyte subsets compared at baseline and on Postoperative Day 1 between the placebo and clonidine groups (Table 2 ). There was a significant decrease from baseline in CD2, CD3, and CD4 lymphocyte subsets in both the placebo and clonidine groups. Within the placebo group, there was also a significant decrease in the number of CD56 lymphocytes from baseline to Postoperative Day 1. However, compared across the two groups, no significant difference was found in the extent of postoperative lymphocyte reduction (Table 3) . Plasma norepinephrine levels were significantly lower among patients who received clonidine. However, plasma epinephrine and cortisol levels were not significantly different between the placebo and clonidine groups (Table 4) . ANESTH ANALG CLONIDINE AND LYMPHOCYTE SUPPRESSION 1998; 87:1426-30 Infectious complications occurred in seven patients and included three urinary tract infections, four cases of pneumonia, two wound infections, two cases of cellulitis, and one case of parotiditis.
Infections were not significantly different between the clonidine (5 of 28, 17.9%) and placebo (2 of 36, 5.6%) groups (P = 0.118). Additional factors that were not predictive of infection on univariate analysis included cancer status, type of operation, and use of nonsteroidal antiinflammatory drugs. However, gender had an association with infection in this cohort; all seven patients with infections were male (P = 0.017). Neither postoperative lymphocyte depletion nor median epinephrine, norepinephrine, or cortisol levels were different between patients with and without infections after surgery ( cytokines (17) also suppress immune function, increasing levels of surgical stress also affect the degree of immune suppression in patients after major surgery (18). Regional anesthetic techniques seem to block both adrenergic and cortisol responses, as well as lymphocyte depletion after major surgery (8). The literature suggests that the cortisol stress response may be the dominant inhibitory mechanism responsible for mediating postoperative lymphopenia. The link between hyperadrenergic states and immune suppression may be more tenuous. However, when an etomidate-based anesthetic is used for cardiac surgery, lymphopenia may result even when cortisol elaboration is delayed (19). Increased plasma catecholamine levels do follow surgical trauma; their association with decreased perioperative immune status is unclear. The experimental infusion of inotropic medication in humans can have varying effects, increasing CD3, CD4, and CD8 after an epinephrine infusion but decreasing them after the administration of dobutamine and dopexamine (20). Other experimental studies in humans suggest that CD3 and CD4 T cells decrease significantly 5-60 min after an injection of adrenaline (21). We believe that the relationship between surgical stress and immune function is complex and not fully understood. There are several limitations to our study. First, we measured circulating T-cell populations, but not their functional activity. In animal studies, lymphopenia after surgery may represent a redistribution of lymphocytes from peripheral blood to lymphatic tissues, rather than a true absence of cells (22, 23) . Second, we only measured stress hormones on the first postoperative day and therefore cannot comment on the relative time course of stress hormone elaboration and lymphopenia. Third, we used a fixed dose of oral and transdermal clonidine; administering larger doses of clonidine or the more specific a,-agonist dexmedetomidine parenterally may provide superior sympatholysis. Indeed, using our regimen, we were able to demonstrate reductions only in norepinephrine, but not in epinephrine or cortisol. However, other studies by our group (11) have shown a significant decrease in both epinephrine and norepinephrine levels using this same regimen of clonidine. The large statistical variation in catecholamine levels in humans often requires relatively large numbers of patients to show significant differences.
Power analysis for this study is illustrated by the CD3 population. The point estimate for the difference in median postoperative decrease between the placebo and clonidine groups is 100 cells/mm". Power calculations indicate that if the actual difference had been 100 cells/mm3, the power with the number of patients enrolled in this trial would be 40%; to reach 80% power, we estimate than 70 patients would have had to been enrolled in each group. As designed, the study (64 patients) had 80% power to detect a difference of 167 cells/mm". Two gender differences are to be noted in this study. The study was double-blinded, with group assignment determined from random number tables after patient enrollment. Despite this, women seemed more likely to be assigned to the placebo group. Similarly, we cannot explain why all of the patients with infectious complications were men; this may deserve further study. We did not find any difference in T-lymphocyte populations in those patients with and without infectious complications (Table 5) ; similar findings have been found in ICU patients.
It is not surprising that clonidine therapy did not result in differences in postoperative cortisol levels. Other studies have shown that clonidine may increase cortisol secretion in humans under normal conditions but may decrease it or produce no changes in humans under stressful conditions (24-26). Because increased cortisol levels are associated with immune suppression in other studies (2), clonidine may not be expected to suppress cortisol-related responses. The stress reduction provided by regional anesthetic techniques, however, consistently reduces the adrenocortical and adrenergic responses to surgery.
In our study, a clinical dose of clonidine decreased norepinephrine levels but did not significantly reduce cortisol levels or postoperative lymphocyte depletion.
Further investigations that include analysis of both lymphocyte function and the time course of changes in immune status are required to fully assess any effects of a2-agonists on postoperative immunosuppression. 
